Abnormal vascular smooth muscle cell (VSMC) proliferation contributes to the pathogenesis of restenosis. Thus, drugs interfering with cell cycle progression in VSMC are promising candidates for an antirestenotic therapy. In this study, we pharmacologically characterize
M) antiproliferative activity than ROSC (IC 50 ϭ 16.9 M), halting VSMCs in G 0 /G 1 phase of the cell cycle, whereas ROSC does not arrest but rather delays cell cycle progression. Neither of the compounds interferes with early PDGF-BB-induced signaling pathways (p38, extracellular signal-regulated kinase 1/2, c-Jun NH 2 -terminal kinase, Akt, signal transducer and activator of transcription 3), and both inhibit CDKs, with LGR1406 exerting a slightly higher potency against CDK1/2 and 4 than ROSC. Expression of cyclins A and E as well as hyperphosphorylation of the pocket proteins retinoblastoma protein and p107 are negatively affected by both compounds, although to a different extent. In silico calculations predicted a much higher metabolic stability for LGR1406 compared with ROSC. Altogether, ROSC derivatives, such as LGR1406 seem to be promising compounds for further development in antirestenotic therapy.
Developing strategies against restenosis, the renarrowing of an artery after angioplastic interventions, remains an important goal of vascular biology and pharmacological research. Currently, drug-eluting stents have become the treatment of choice for patients undergoing percutaneous coronary revascularization (Kukreja et al., 2008) . Current marketed first-generation drug eluting stents use drugs such as rapamycin and paclitaxel targeting mammalian target of rapamycin and tubulin, respectively (Windecker and Jü ni, 2008) . Unfortunately, some concerns have been raised recently due to a potential increased risk of late-stent thrombosis (Steffel et al., 2008) . Therefore, the identification of new drug candidates interfering with vascular smooth muscle cell (VSMC) proliferation using mechanisms other than rapamycin and paclitaxel is an important pharmacological topic.
Roscovitine (ROSC) has been characterized as a selective inhibitor of cyclin dependent kinases (CDK) 1, 2, and 5 in enzyme-based assays (Meijer et al., 1997) , inhibiting the proliferation of various cell types ranging from numerous cancer cell lines to keratinocytes and fibroblasts. The ob-served effects, however, seem to be strongly dependent on cell type, stimuli, and treatment conditions (Alessi et al., 1998; Mgbonyebi et al., 1999; Meijer and Raymond, 2003; Atanasova et al., 2005) . Currently ROSC is undergoing phase II clinical trials as an anticancer drug (Benson et al., 2007) . However, publications regarding ROSC and cell types involved in other proliferative disorders, such as VSMC, are very limited.
Although ROSC shows selectivity for CDKs compared with other kinases (Bach et al., 2005) , effort is made to optimize ROSC to obtain compounds exerting higher specificity and higher potency Oumata et al., 2008) . The IC 50 of ROSC for growth inhibition is approximately 25 M depending on cell type.
Thus, the aim of this study was to select out of a panel of synthesized ROSC derivatives the most effective candidate in terms of its potency to inhibit PDGF-induced VSMC proliferation and to characterize its mode of action in comparison with ROSC itself, which was not thoroughly characterized in VSMCs before. As a model, we used PDGF-BB-activated VSMCs, because PDGF-BB is the major proliferative stimulus for VSMC (Heldin and Westermark, 1990) .
We show here that the ROSC derivative LGR1406 is a more potent inhibitor of PDGF-induced VSMC proliferation than ROSC and that ROSC treatment only delays the progress of the cell cycle, whereas LGR1406 potently arrests VSMCs in G 1 phase. Moreover, in silico data predict a higher metabolic stability of LGR1406 compared with ROSC.
Materials and Methods
Chemicals and Reagents. Unless noted otherwise, all cell culture reagents and media were obtained from Lonza Group Ltd. (Basel, Switzerland) , and all other reagents were from Carl Roth (Karlsruhe, Germany). Trypsin, collagenase II, and Ham's F-12 medium were purchased from Invitrogen (Carlsbad, CA), and DMSO was from Fluka (Buchs, Switzerland). Roscovitine was obtained from Calbiochem (San Diego, CA), and recombinant human PDGF-BB was from Bachem (Weil am Rhein, Germany). Anti-cyclin E, anticyclin A, anti-␣-tubulin, and anti-p107 antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA), anti-phosphoSer807ϩ811 retinoblastoma protein, anti-cyclin D1, and rabbit IgG antibodies were from New England Biolabs (Ipswich, MA). The mouse IgG antibody was obtained from Upstate (Billerica, MA). The fluorescein isothiocyanate-labeled anti-smooth muscle-␣-actin antibody and luminol were purchased from Sigma-Aldrich (St. Louis, MO). Complete protease inhibitor was obtained from Roche Diagnostics (Basel, Switzerland). Immunoblot polyvinylidene difluoride membrane and Precision Plus Protein standard were purchased from Bio-Rad (Hercules, CA).
LGR1406 synthesis.
LGR1406 was prepared by synthetic approach described by Krystof et al. (2006) 
Vascular Smooth Muscle Cell Isolation and Cultivation.
VSMCs employed in this study originate from two independent isolations from rat thoracic aortas of three sibling Sprague-Dawley rats each. Aortas were thoroughly cleaned from surrounding tissue, washed in PBS, and incubated with digestion buffer for 3 h (Ham's F-12 medium supplemented with 253 U/ml collagenase II, 10 mM HEPES, 0.28 mM ascorbic acid, and 0.1% bovine serum albumin) for 15 min at 37°C. After centrifugation for 10 min at 230g, the supernatant was discarded, and cells were incubated with standard medium (Dulbecco's modified Eagle's medium supplemented with 2 mM L-glutamine, 100 U/ml penicillin, 100 g/ml streptomycin, and 10% calf serum) in a humidified incubator at 37°C in the presence of 5% CO 2 . Purity of VSMC cultures was checked by immunostaining of ␣-smooth muscle actin with a fluorescein isothiocyanate-labeled antibody. VSMCs were seeded at the indicated density and after 24 h were serum-starved (standard medium, 0.1% calf serum) for another 24 h before all experiments. Passages 6 to 14 were used.
5-Bromo-2-deoxyuridine Incorporation Assay. As a measurement of DNA synthesis, 5-bromo-2Ј-deoxyuridine (BrdU) incorporation was determined using a cell proliferation kit (Roche Diagnostics). VSMCs were seeded into black 96-well plates (2 ϫ 10 4 cells/well), serum-starved, pretreated with test compounds or vehicle (DMSO 1%) for 30 min, and subsequently stimulated with PDGF-BB (20 ng/ml). After 4 h, BrdU (10 M) was added, and cells were further cultivated for 20 h. Afterward, cells were fixed and stained with an enzyme-coupled anti-BrdU antibody according to the manufacturer's instructions. Relative light units were determined using a 96-well plate reader (Tecan GENios Pro; Tecan Group Ltd., Mä nnedorf, Switzerland). Experiments were performed in triplicate.
Propidium Iodide Staining and Flow Cytometric Cell Cycle Analysis. Cell cycle distribution of VSMC was determined after propidium iodide (PI) staining according to Riccardi and Nicoletti (2006) . In brief, VSMCs were seeded into 12-well plates (1 ϫ 10 5 cells/well), serum-starved, pretreated with test compounds or vehicle (DMSO 1%) for 30 min, and subsequently stimulated with PDGF-BB (20 ng/ml). After 8 to 28 h, cells were trypsinized, fixed with ice-cold hypotonic fluorochrome solution buffer [0.1% (w/v), sodium citrate 0.1% (v/v), and Triton X-100 in PBS] containing 50 g/ml PI, and incubated for 2 h at 4°C. Cells (10,000) were analyzed by flow cytometry on a FACSCalibur (BD Biosciences, San Jose, CA). Experiments were done in triplicate.
SDS Gel Electrophoresis and Western Blot Analysis. VSMCs were seeded into 60-mm dishes (1 ϫ 10 6 cells/dish), serum-starved, pretreated with test drugs or vehicle (DMSO 1%) for 30 min, and subsequently stimulated with PDGF-BB (20 ng/ml). Cells were washed with ice-cold PBS, incubated with lysis buffer (50 mM HEPES, 50 mM NaCl, 50 mM NaF, 10 mM Na 4 P 2 O 7 ⅐ 10H 2 O, 5 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, Complete, and 1% Triton X-100, pH 7.5) for 10 min at 4°C and centrifuged for 10 min at 16,000g at 4°C. Supernatants were mixed with 3ϫ SDS sample buffer and heated to 95°C for 5 min. Protein concentrations were determined using Rotiquant reagent according to the manufacturer's instructions (Carl Roth). Standard gel electrophoresis and blotting techniques were used (Bio-Rad). Primary antibodies were diluted 1:1000, and secondary antibodies were diluted 1:10,000. Bands were analyzed with an enhanced chemiluminescence protocol and visualized with an LAS-3000 luminescent image analyser (Fujifilm, Tokyo, Japan) and AIDA software (raytest GmbH, Straubenhardt, Germany).
In Vitro Kinase Assay. The kinases were expressed as human recombinant glutathione transferase or histidine-tagged fusion proteins in Sf6 insect cells and purified using GSH-agarose columns (Sigma-Aldrich) or Ni-NTA Agarose columns (QIAGEN AG, Hilden, Germany). In vitro kinase assays were done in 96-well flash plates (PerkinElmer Life and Analytical Sciences, Waltham, MA) in 50-l reaction volumes [60 mM HEPES-NaOH, pH 7.3, 3 mM MgCl 2 , 3 mM MnCl 2 , 3 M natrium orthovanadate, 1.2 mM dithiothreitol, 50 g/ml polyethylene glycol 20000, 1 M [␥-
33 P]ATP (ϳ 6.5 ϫ 10 DMSO was added in serial dilutions from 1 nM to 10 mM. For substrates and kinases used, see Supplemental In Silico Prediction of the Pharmacokinetic Profile of LGR1406 Compared with ROSC. VolSurf is an established computational procedure to produce 2D molecular descriptors from 3D molecular interaction energy grid maps that is used during drug design, pharmacokinetics profiling, and screening (Mannhold et al., 1999; Cruciani et al., 2000; Cianchetta et al., 2004; Crivori et al., 2004; Berellini et al., 2005) . For the comparison of the pharmacokinetic profiles of LGR1406 and ROSC, we used the protein binding, volume distribution (VD), and CYP3A4 metabolic stability model. The protein binding model is a qualitative model containing 500 related but chemically diverse compounds. Data report mainly human serum albumin (HSA) binding values between 10 and 100% obtained with spectroscopic techniques. Because HSA is the principal biological carrier of many drugs, it facilitates their conveyance to the target tissues through the circulatory system. The model can be used to project external compounds in the chemical space represented by the model to rank the protein binding profile of external compounds.
The VD model was obtained from more than 600 compounds collected from the literature. The VD data (reported as liters per kilogram) were converted in ϪLog[VD] values. Low VD values indicate low distribution into tissues, whereas high VD values indicate high distribution into tissues. The VD is of extreme importance in estimating the loading dose necessary to rapidly achieve a desired plasma concentration. VolSurfϩ provides a model to estimate the metabolic stability in human CYP3A4 cDNA-expressed microsomal preparation of a drug incubated at a fixed concentration for 60 min with a fixed concentration of protein as well at 37°C. Compounds with a final concentration equal to or greater than 50% of the corresponding control sample were defined as stable, whereas compounds with final concentrations lower than 50% of the corresponding control were defined as unstable. Molecular Discovery Limited (Perugia, Italy) kindly provided free access to the software VolSurf ϩ.
Statistical Analysis. All statistical analyses were calculated using GraphPad PRISM, version 4.03 (GraphPad Software Inc., San Diego, CA). Data are expressed as the means of at least three independent experiments Ϯ S.D. or S.E.M. One-way or two-way ANOVAs and Student's t tests were used for statistical analysis of the results, as indicated in the figure legends. A P value Ͻ0.05 was considered to be statistically significant.
Results
Influence of LGR1406 and ROSC on VSMC Proliferation. A panel of 26 synthetic ROSC derivatives was screened for a general antiproliferative activity in VSMCs using crystal violet staining (data not shown). This assay revealed one derivative, LGR1406, with a significantly higher potency than ROSC itself (structures are shown in Fig. 1 ). We therefore compared the influence of both compounds on PDGF-BB (20 ng/ml)-induced DNA-synthesis using a BrdU incorporation assay. DNA synthesis was dosedependently reduced by both compounds, with LGR1406 again exerting a stronger antiproliferative activity on VSMCs (IC 50 ϭ 3 M) than ROSC (IC 50 ϭ 17 M) (Fig. 2) .
To exclude potential cytotoxicity, we monitored changes in cell morphology over time compared with staurosporine as a positive control (Allen et al., 2005) . Cells treated with up to 5 M LGR1406 and 20 M ROSC, respectively, did not show any signs of apoptosis (Supplemental Fig. 1 ). In addition, in contrast to staurosporine, the number of LGR1406-treated (3-10 M) and ROSC-treated (15-25 M) cells after 48 h did not decrease below control, as shown by crystal violet staining (Supplemental Fig. 2) . Consistent with these results, trypan blue staining of LGR1406-(3-10 M) and ROSCtreated (15-25 M) cells revealed that similar to vehicletreated control cells, more than 94% of VSMCs were viable after up to 48 h of treatment (data not shown). For further experiments, we therefore used 5 M LGR1406 and 20 M ROSC, a concentration of ROSC that is widely used in other cell types (Meijer et al., 1997; Whittaker et al., 2004; Atanasova et al., 2005) .
Influence of LGR1406 and ROSC on Cell Cycle Progression and Early PDGF-BB-Induced Signaling Events in VSMC. We next examined whether LGR1406 and ROSC arrest VSMC in a specific cell cycle phase ( Fig. 3 and Supplemental Fig. 3 ). Figure 3 shows the time-dependent entry of serum-starved VSMCs into S phase of the cell cycle upon PDGF-BB stimulation in the absence or presence of LGR1406 and ROSC (8-28 h). PDGF-BB led to a significantly elevated number of cells in S phase as early as 10 h after the addition of the LGR1406 Inhibits VSMC Proliferation 257 at ASPET Journals on April 6, 2017 molpharm.aspetjournals.org Downloaded from stimulus, indicating that the cells pass late G 1 phase after approximately 6 to 8 h and undergo S phase transition after 8 to 10 h (black bars). Treatment with 5 M LGR1406 completely abrogated the PDGF-BB-induced S-phase entry, whereas 20 M concentration of the CDK inhibitor ROSC only slightly decreased but delayed cell cycle progression by approximately 8 to 10 h (gray bars). Consistently, ROSC-treated cells also show a delayed entry into G 2 /M phase (Supplemental Fig. 3) . Further experiments using even up to 25 M ROSC for up to 48 h showed no accumulation of VSMCs in any phase of the cell cycle (data not shown).
Next we asked whether either of the substances interferes with early signaling events downstream of the PDGF receptor. Using Western blot analyses, we excluded any inhibitory influence of ROSC or LGR1406 on MAPK phosphorylation (p38, ERK, c-Jun N-terminal protein kinase) or the activation of Akt and signal transducer and activator of transcription 3 (Supplemental Fig. 4) . Although previous reports implicated an interference of ROSC with MAPK activation (Bach et al., 2005; Li et al., 2008) , our results were further corroborated even when using higher concentrations of both compounds (10 M LGR1406 and 25 M ROSC) and prolonged time of preincubation (15 h) (data not shown).
Effect of LGR1406 and ROSC on Key Regulators of the Cell Cycle. To further characterize the observed antiproliferative effect on the molecular level, we studied the time-dependent changes in expression and activity of key regulators of the cell cycle upon PDGF-BB stimulation in the presence of LGR1406 and ROSC. Figure 4a shows that cyclin D1 levels are increased from 4 to 24 h after PDGF-BB stimulation. ROSC and LGR1406 did not reduce but even markedly increased cyclin D1 levels compared with control cells, confirming that both compounds did not interfere with early upstream signaling events leading to cell cycle entry and progression. In agreement with the flow cytometric data on S phase entry (Fig. 3), LGR1406 inhibited the expression of the S phase cyclin A, whereas ROSC only delayed the expression of this cyclin (Fig. 4b) . In PDGF-activated cells, consistent with the activation of CDK4/6 by cyclin D1 and CDK2 by cyclin A/E (Fig. 4, b and c) , the pocket proteins retinoblastoma protein (Rb) and p107, main CDK targets, are hyperphosphorylated from late G 1 phase (6-8 h) onward (Fig. 5) .
LGR1406 treatment completely abolished whereas ROSC again only delayed the onset of PDGF-BB-induced pocket protein hyperphosphorylation (Fig. 5) .
Both compounds inhibited cyclin E expression (Fig. 4c) , regulated mainly by the E2F transcription factor family downstream of Rb; however, these data were less clear because the vehicle-treated cells already displayed a high level of cyclin E that was only slightly increased in response to PDGF-BB.
Altogether, the analyses of cyclins and pocket protein phosphorylation suggest that LGR1406 and ROSC indeed directly interfere with CDK activity in PDGF-activated VSMCs. Complete inhibition of pocket protein phosphorylation by LGR1406 points to CDK4/6 as a likely target. We therefore finally performed in vitro CDK assays. A panel of kinases was analyzed using the standardized ProQinase screening platform (ProQinase, Freiburg, Germany). Table 1 shows that LGR1406 had overall lower IC 50 values against depicted CDKs compared with ROSC, except for CDK6 and CDK7. The overall specificity of LGR1406 was comparable with that of ROSC. The most obvious differences in the in vitro activity profile of both compounds were a high activity of LGR1406 against Aurora A kinase (IC 50 ϭ 0.6 M) that was not inhibited by ROSC and a high activity of ROSC against CDK7 (IC 50 ϭ 1.7 M) that was not inhibited by LGR1406.
In Silico Prediction of Pharmacokinetic Parameters of LGR1406 and ROSC. To get an idea of whether LGR1406 and ROSC differ in basic pharmacokinetic parameters, we ran in silico calculations using VolSurfϩ software, which predicts certain pharmacokinetic parameters based on comparison with profiles of a collection of Ͼ500 related but chemically diverse entities . For LGR1406, the software predicted a considerable amount of free drug in the plasma due to 72% binding of LGR1406 to HSA. In a volume distribution model, LGR1406 scored 0.41, which means high achievable concentrations in tissues. In the metabolic stability model, LGR1406 obtained a value of 0.75. This suggests that LGR1406 would show a high fraction of unmetabolized compound after 60 min of incubation at 37°C with CYP3A4-enriched microsomal proteins. We performed the same calculations for ROSC, which yielded comparable values except for the metabolic stability. The calculations resulted in 70% serum binding, a score of 0.49 in the tissue distribution model but substantially lower resistance to CYP3A4 metabolism. In fact, in the metabolic stability model, ROSC obtained a value of 0.47. This means that ROSC would show a fundamentally lower fraction of unmetabolized compound by CYP3A4 compared with LGR1406, suggesting that LGR1406 might have the more suitable pharmacokinetic profile for drug development.
Discussion
Here we show for the first time the antiproliferative activity of ROSC and its derivative LGR1406 in PDGF-BB-activated VSMCs.
LGR1406 showed a higher potency regarding the inhibition of DNA synthesis with an apparent IC 50 of 3.0 M compared with ROSC with an IC 50 of 17 M. A detailed molecular analysis showed that both compounds affect the entry of cells into S phase of the cell cycle, expression of cyclins A and E, and phosphorylation of pocket proteins presumably by the inhibition of CDK activity. However, whereas ROSC only delays these events at 20 M, LGR1406 elicits complete inhibition at 5 M.
Although ROSC has been studied extensively in different cell types for its antiproliferative influence, there are only two publications addressing its effect on VSMC growth using angiotensin II (Ang II) and serum as stimuli, respectively (O'Sullivan et al., 2003; Li et al., 2008) . Neither of these studies provides data regarding ROSC and PDGF signaling.
The study by Li et al. (2008) using Ang-II-activated VSMCs identifies ROSC as an inhibitor of ERK phosphorylation and activity, a mechanism that could be excluded in our setting. Reasons for this discrepancy could be next to the differing stimulus (Ang II versus PDGF), the pretreatment of cells for 15 h with ROSC before Ang II stimulation by Li et al., which may lead to secondary indirect effects due to changes in protein expression. However, even when pretreating our cells for 15 h or with up to 25 M ROSC and 10 M LGR1406, we were not able to detect changes in PDGF-mediated phosphorylation of ERK and other MAPK. Furthermore, cyclin D1 or vehicle (DMSO 1%) before stimulation with PDGF-BB (20 ng/ml) for the indicated periods of time. Total cell lysates were then subjected to Western blot analysis for cyclins D1, A, and E, and ␣-tubulin. Representative Western blots out of at least three independent experiments with consistent results are shown for cyclin D1 (a), cyclin A (b), and cyclin E (c). Graphs depict compiled data of densitometrically evaluated cyclin/tubulin ratios for each time point normalized to the respective unstimulated vehicle control. Shown are means Ϯ S.E.M. ‫,ء‬ P Ͻ 0.05, ‫,ءء‬ p Ͻ 0.01, ‫,ءءء‬ p Ͻ 0.001 (two-way ANOVA followed by Bonferroni post test versus PDGF treatment). LGR1406 Inhibits VSMC Proliferation 259 at ASPET Journals on April 6, 2017 molpharm.aspetjournals.org expression, a known target gene of ERK, is not inhibited by ROSC or LGR1406 (Ravenhall et al., 2000) , again confirming that inhibition of cell cycle progression by ROSC and LGR1406 was not due to an interference with ERK signaling. It is noteworthy that cyclin D1 levels are even enhanced in response to ROSC and LGR1406 treatment, which may be due to a disturbed negative feedback loop between cell cycle progression and cyclin D1 expression.
The second study addressing ROSC and VSMCs used serum as a proliferative stimulus (O'Sullivan et al., 2003) and focused primarily on the differences in proliferation and the expression pattern of cell cycle regulators in human VSMCs from healthy media and in-stent-stenosis (ISS) sites. Because ISS-VSMCs expressed high levels of cyclins E and A, they used the CDK2 inhibitor ROSC. Consistent with our results, ROSC led to a delayed cell cycle progression, and it is noteworthy that ISS-VSMCs were more susceptible to ROSC treatment than those isolated from healthy vessels. These findings additionally highlight ROSC as an interesting lead for an antirestenotic therapy. Comparing ROSC and LGR1406, we clearly demonstrate that ROSC does not completely block PDGF-mediated VSMC cell cycle progression, whereas its novel derivative LGR1406 does. More precisely, the S-phase transition is blocked by LGR1406 but is only delayed by ROSC. Given the similar IC 50 values in vitro and thus a comparable affinity of both compounds for CDK2, the kinase responsible for S-phase entry, the observed distinct effects of ROSC and LGR1406 might be due to either differences in their ability to permeate cells, their chemical or metabolic stability, or targets that might be affected by LGR1406 in addition to CDK2. Because ROSC is currently undergoing phase II clinical trials against breast cancer, there are multiple publications addressing its metabolism, pharmacokinetics, and stability issues Vita et al., 2005a,b) . ROSC is stable in human plasma up to 48 h at 0, 25, and 37°C and is insensitive to multiple freeze-thawing cycles (Vita et al., 2005a) . Therefore, it is likely that chemical stability in cell culture medium is not responsible for the weaker activity of ROSC. Recently, a detailed study on ROSC metabolism in vitro and in vivo was published (McClue and Stuart, 2008) . McClue and Stuart showed that ROSC is rapidly metabolized by rat liver microsomes, leading to a 50% reduction of parent compound after 90-min incubation. The major metabolite found was a carboxylate, which has been shown to have exceedingly higher IC 50 values against CDK1/4 than ROSC itself but only slightly lower activity against CDK2 (Nutley et al., 2005) . It is therefore conceivable that ROSC is differently or faster metabolized than LGR1406, carrying no hydroxyl group, in VSMC and thus exerts reduced or only transient activity toward its CDK targets. In silico calculations performed during this study supported the hypothesis of a more extensive metabolism of ROSC and predicted that 50% of ROSC is metabolized by CYP3A4 after 60 min of incubation with microsomal CYP3A4, which is in agreement with the published experimental data cited above (Nutley et al., 2005) . In contrast, LGR1406 is suggested to be much more metabolically stable because only 25% of the compound is predicted to be metabolized after 60 min of incubation with microsomal CYP3A4. The most striking difference between LGR1406 and ROSC with respect to the in vitro IC 50 values obtained from the standardized ProQinase screening platform (Table 1) was that LGR1406 potently inhibits Aurora A kinase whereas ROSC does not. So far, Aurora A is reported to contribute to the regulation of M-phase entry. Depletion of Aurora A results in delayed entry into mitosis because it is able to phosphorylate Cdc25b, which in turn regulates the activation of the CDK1/cyclin B1 complex required for mitotic entry (Pollard and Mortimore, 2009 ). Increased expression and activity of Aurora A have so far been found exclusively in G 2 phase of the cell cycle. Because cells are blocked already in G 1 phase of the cell cycle in the presence of LGR1406, Aurora A seems an unlikely target in our setting. However, Aurora A is overexpressed in a variety of tumor types ranging from breast to prostate cancer, and corresponding inhibitors are already in preclinical studies (Gautschi et al., 2008; Zhou et al., 1998) . Thus, further studies addressing a putative activity of LGR1406 against cancer cells with an increased Aurora A kinase activity are warranted. In summary, this study provides first evidence that optimized ROSC derivatives such as LGR1406 could serve as antiproliferative agents against VSMC proliferation that merit further evaluation as antirestenotic compounds.
